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Abstract

The reaction between [PtCl,(PPh,OH),] (1) and SiCl,Ph, gives the
platinum silyldiphosphinite complex [PtCl,{(PPh,0),SiPh,}] (2), the
X-ray crystal structure of which has been determined. Treatment of
1 with SnCl,Ph, gives the complex [NHEt;]PtCl,{(PPh,0),-
SnCIPh,}] (3).
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1. Introduction

Though diphosphines have been important ligands
for synthesis and homogeneous catalysis for at least 30
years [1], it is only comparatively recently that other
chelating phosphorus ligands containing phosphite [2]
and phosphinite [3] donors have attracted attention as
ligands. We were interested in the possibility of obtain-
ing complexes containing two phosphinite ligands capa-
ble of forming six-membered chelates because analo-
gous diphosphine chelates of palladium(Il) are excel-
lent catalysts for polyketone synthesis by CO/C,H,
copolymerization [4]. We report here diphosphinite
chelates featuring entirely inorganic backbones synthe-
sized using a platinum(II) template; previously other
workers have shown [5] that diphosphinites can be
synthesized using a molybdenum(0) template.

2. Results and Discussion

The complex cis-[PtCL(PPh,OH),] (1) [6] reacts
with one equivalent of SiCl,Ph, in CH,Cl, over 0.5 h
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to give the new silyldiphosphinite complex [PtCl,-
{(PPh,0),SiPh,}] (2) quantitatively (eqn. 1), as shown

Ph,
PPh,(OH Ct P—O
Cl\ Ve A0 sicl,ph, N\ / \§
Pl ——> P NiPh,+2HC
Cl PPh,(OH) ca pP—O
Ph,
1
2
(1)

by *P, 'H and ®C NMR NMR spectroscopy [7*].
Crystals of 2 were grown from CH,Cl,/Et,0 and
X-ray crystallography [8*] revealed the molecular
structure shown in Fig. 1. The platinum has a square
planar environment (mean deviation from the PtCl,P,
mean plane = 0.0755 A) and the silyldiphosphinite lig-
and chelates the metal with the expected cis geometry,
leading to approximate molecular mirror symmetry.
The bite angle in 2 (P(2)-Pt(1)-P(1) 96.7(1)°) is large
when compared to that for [PdCI,(PPh,(CH,),PPh,)]
(90.58(5)°) [9], which has an alkyl backbone. The bite
angle of diphosphine ligands has been identified as
important in controlling catalytic reactions [10]. The
flexibility about the backbone oxygen atoms is reflected
in the large deviations from tetrahedral geometry in
the internal bond angles of the chelate ring (P(2)-
O(1)-Si = 13042y, O(D-Si-0O(2) = 103.4(2)°, P(1)-
0O(2)-Si = 133.2(2)°). The 6-membered ring conforma-
tion in 2 can be described as a boat flattened at Pt(1)
(see Fig. 1). The angles between the P(1)-P(2)-O(1)-
O(2) mean plane and the PtCl,P, and O(1)-Si(1)-0O(2)
mean planes are 15.5° and 35.8° respectively.

The formation of silyldiphosphinite complexes in
this manner is sensitive to the nature of the sub-
stituents on silicon. It was shown by >'P NMR spec-
troscopy that SiCl}Bu, does not react with 1 over 1 h
even in the presence of a five-fold excess of trieth-
ylamine. In contrast, SiCl,Me, reacted readily with 1
in the absence of triethylamine with evolution of HCl
to give a white precipitate that was too insoluble for
further characterization. It is possible that this product
is the polymeric species {PtCl,{(PPh,0),SiMe,}],,
though elemental analysis showed it to be of variable

* Reference number with an asterisk indicates a note in the list of
references.
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Fig. 1. Molecular structure of 2 showing atom labellmg Important
molecular dimensions include: bond lengths (A) Pt-P(1) 2.232(1),
Pt-P(2) 2.228(1), Pt—CI(1) 2.370(1), Pt—CI(2) 2.360(1); torsion angles
) PQ)-Pt(1)-P(1)-0(2) 23.5, P(1)-Pt(1)-P(2)-O(1) —14.4, Pt(1)-
PQ)-O(1-Si(1) —27.1, OQ)-Si(1)-O(1)-P(2) 55.7, PH(1)-P(1)-
O(2)-Si(1) 4.5, O()-Si(1)-0(2)-P(1) ~42.3.

composition. Kee et al. [10] have recently isolated the
related free ligand {(4-CH,C,H,),PO},SiMe,.
SnCl,Ph, reacts smoothly with complex 1 in CH,Cl,
in the presence of triethylamine to give a new species 3
(eqn. 2) as the only phosphorus-containing product

[PtCl,(PPh,OH),] + 2 NEt, + SnCl,Ph, ——
[PtCL,{(PPh,0),SnCIPh,}] + NEt,H*+ NEt,HCl

3

(2)
[12*]. The structure of 3 was assigned on the basis of
(i) satisfactory elemental analysis; (ii) the presence of
19gh satellites in the >'P NMR spectrum; (iii) the 'H
NMR spectrum, which showed the presence of one
HNEt; per six phenyl groups, suggestlng that the
complex was a monoanion; (iv) the 'Sn NMR spec-
trum which in CD,Cl, was a triplet at 8(Sn)=86.2
ppm, consistent with the presence of five coordinate
tin(IV) [13]. The Lewis acidity of the central Sn in the
backbone is an interesting feature of the ligand: in neat
CsD;sN the 19Gn resonance is broadened (w, 2= 600
Hz) and moves to 21 ppm, suggesting that the Cl on

the Sn can be displaced by pyridine.
It has been shown that silyldiphosphinites or stan-
nyldiphosphinites can be readily synthesised within the
coordination sphere of platinum. The possibility is un-

der investigation of extending this reaction to the syn-
thesis of chelates with other metals (e.g. Pd) to obtain
novel inorganic heterocycles containing other Lewis
acid sites in the backbone (e.g. Ti).

Acknowledgments

We should like to thank BP and EPSRC for support
and Johnson-Matthey for the loan of platinum salts.

References and notes

1 (a) Homogeneous Catalysis with Metal-Phosphine Complexes, L.H.
Pignolet (ed.), Plenum, New York, 1983; (b) A. Pidcock in E.C.
Alyea and D.W. Meek (eds.), Catalytic Aspects of Metal Phosphine
Complexes Advances in Chemistry, 196 (1980) 1; (¢) C.A. McAuliffe
and W. Levason, Phosphine, Arsine and Stibine Complexes of the
Transition Elements, Elsevier, Amsterdam, 1979; (d) F.R. Hartley
in G. Wilkinson, F.G.A. Stone and E.W. Abel (eds.), Comprehen-
sive Organometallic Chemistry, Pergamon, Oxford, 1982, Chapter
39. (e) R.M. Roundhill in G. Wilkinson, J.M. McCleverty (eds.),
Comprehensive Coordination Chemistry, Pergamon, Oxford (1987)
Chapter 51.

2 (a) 1. Powell, M. Gregg, A. Kuksis and P, Meindl, J. Am. Chem.

Soc., 105 (1983) 1064; (b) U.S. Patent 4 769 498 (1988) to Union

Carbide; (c) J.R. Bleeke, A.J. Donaldson and W.J. Peng,

Organometallics, 7 (1988) 33; (d) A.F. Cunningham and E.P.

Kiindig, J. Org,. Chem., 53 (1988) 1823; (e) D.J. Wink, T.J. Kwok,

and A. Yee, Inorg. Chem., 29 (1990) 5006; (f) M.J. Baker, K.N.

Harrison, A.G. Orpen, P.G. Pringle and G. Shaw, J. Chem. Soc.,

Chem. Commun., (1991) 803; (g) M.J. Baker and P.G. Pringle, J.

Chem. Soc., Chem. Commun., (1991) 1292; (h) V. Sum, M.T.

Patel, T. Kee and M. Thornton-Pett, Polyhedron, 11 (1992) 1743;

(i) T.J. Kwok and D.J. Wink, Organometallics, 12 (1993) 1954; (j)

G.D. Cuny and S.L. Buchwald, J. Am. Chem. Soc., 115 (1993)

2066; (k) N. Sakai, S. Mano, K. Nozaki and H. Takaya, J. Am.

Chem. Soc., 115 (1993) 7033.

(a) J. Powell, M.R. Gregg, A. Kuksis, C.J. May and S.J. Smith,

Organometallics, 8 (1989) 2918; (b) K.M. Cooke, T.P. Lee, A.L.

Langton and M. Thorton-Pett, J. Organomet. Chem., 419 (1991)

171; (c¢) T.V. RajanBabu and A.L. Casalnuovo, J. Am. Chem.

Soc., 114 (1992) 6265.

4 (a) European Patent, 121 965, to Shell, 1984; (b) E. Drent, J.AM.
van Broekhoven and M.J. Doyle, J. Organomet. Chem., 417
(1991) 235; (¢) G.P.CM. Dekker, C.J. Elsevier, K. Vrieze,
P.W.N.M. van Leeuwen and C.F. Roobeek, J. Organomet. Chem.,
430 (1992) 357.

5 G.M. Gray and C.S. Kraihanzel, J. Organomet. Chem., 146 (1978)
23.

6 D.E. Berry, K.A. Beverage, G.W. Bushnell and K.R. Dixon, Can:
J. Chem., 63 (1985) 2949.

7 Characterization of 2: 3'P NMR (162 MHz), 5(P) 73.9, LJ(PtP)
4053 Hz; 'H NMR (270 MHz) § 7.21-7.29 (m), 7.32~-7.40 (m),
7.44-7.52 (m), 7.78-7.86 (m); Be(H) (67.5 MHz) 6 1342 (s),
133.0 (m), 132.0 (s), 131.9 (s), 128.8 (s), 128.2 (s), 128.1 (t, 6.1 Hz)
1279 (s).

8 Crystal Data for 2: C,4H ;C1,0,P,PtSi, M = 850.6, monoclinic,
space group P2;/n (non-standard No. 14), a=10. 38(3) b=
16 528(4), c=17. 649(4) A B= 95.24(2), V =3395(2) A, Z=4,

D, =1.664 gem™3, A = 0.71073 A, u =445 cm ™", F(000) = 1672,
T 295 K. Data were collected on a Siemens R3m diffractome-
ter for a unique portion of reciprocal space for 4 < 28 < 50°. The

W



J.K Hogg et al. / Pt silyldiphosphinite complex 3

structure was solved by heavy atom methods and refined by 12 Characterization of 3: Elemental analysis (calc.) C, 46.8 (46.8), H,

least-squares against F data to R =0.026 and wR = 0.036, § = 4.6 (42), N, 1.3 (1.3); *'P-{('H} NMR (36.2 MHz) 5(P)= 56.3

0.99 for 6283 unique, absorption corrected, observed (1> 20(1)) ppm, 'J(PtP) = 4163 Hz, 2/(SnP) = 95 Hz; 'H NMR (270 MHz) 6

intensity data. Atomic coordinates, bond lengths, bond angles 1.10 (t, 7.5 Hz, 9H), 2.87 (q, 7.5 Hz, 6H), {7.01-7.38 (m), 7.68-7.92

and displacement parameters for 2 have been deposited with the (m)} (30H), 8.90 (s, 1H).

Cambridge Crystallographic Data Centre. 13 R.K. Harris, J.D. Kennedy and W. McFarlane in R.K. Harris and
9 W.L. Steffen and G.J. Palenik, Inorg. Chem., 15 (1976) 2432. B.E. Mann (eds.), NMR and the Periodic Table, Academic Press,

10 G.P.C.M. Dekker, C.J. Elsevier, K. Vrieze and P.W.N.M. van London, 1978.

Leeuwen, Organometallics, 11 (1992) 1598.
11 N. Greene, H. Taylor, T.P. Kee and T.M. Thornton-Pett, J.
Chem. Soc., Dalton Trans., (1993) 821.



